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Abstract
The decay B+c → J/ψK+K−pi+ is observed for the first time, using proton-proton
collisions collected with the LHCb detector corresponding to an integrated luminosity
of 3 fb−1. A signal yield of 78±14 decays is reported with a significance of 6.2 standard
deviations. The ratio of the branching fraction of B+c → J/ψK+K−pi+ decays to
that of B+c → J/ψpi+ decays is measured to be 0.53± 0.10± 0.05, where the first
uncertainty is statistical and the second is systematic.
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1 Introduction1
The B+c meson is of special interest, as it is the only meson consisting of two heavy quarks2
of different flavours. It is the heaviest meson that decays through weak interactions, with3
either the c or b¯ quark decaying or through their weak annihilation [1, 2]. Although4
the B+c meson was discovered in 1998 by the CDF collaboration [3], relatively few decay5
channels were observed [4] prior to LHCb measurements [5–9].6
In the factorisation approximation [10], the B+c → J/ψK+K−pi+ decay1 is characterised7
by the form factors of the B+c → J/ψW+ transition and the spectral functions for the sub-8
sequent hadronisation of the virtual W+ boson into light hadrons [2]. A measurement of9
the branching fractions of exclusive B+c meson decays into final states consisting of charmo-10
nium and light hadrons allows the validity of the factorisation theorem to be tested. Similar11
studies of factorisation have been performed on B → D(∗)K−K∗0 decays [11]. The pre-12
dictions for the ratio of branching fractions B (B+c → J/ψK+K−pi+) /B (B+c → J/ψpi+) are13
0.49 and 0.47 [12], using form factor contributions from Refs. [13] and [14], respectively.14
In this article, the first observation of the decay B+c → J/ψK+K−pi+ and a measurement15
of B(B+c → J/ψK+K−pi+)/B(B+c → J/ψpi+) are reported. The analysis is based on16
proton-proton (pp) collision data, corresponding to an integrated luminosity of 1 fb−1 at17
a centre-of-mass energy of 7 TeV and 2 fb−1 at 8 TeV, collected with the LHCb detector.18
2 Detector and software19
The LHCb detector [15] is a single-arm forward spectrometer covering the pseudorapidity20
range 2 < η < 5, designed for the study of particles containing b or c quarks. The detector21
includes a high-precision tracking system consisting of a silicon-strip vertex detector22
surrounding the pp interaction region, a large-area silicon-strip detector located upstream23
of a dipole magnet with a bending power of about 4 Tm, and three stations of silicon-strip24
detectors and straw drift tubes placed downstream. The combined tracking system provides25
a momentum measurement with relative uncertainty that varies from 0.4% at 5 GeV/c26
to 0.6% at 100 GeV/c, and impact parameter resolution of 20µm for tracks with high27
transverse momentum. Charged hadrons are identified using two ring-imaging Cherenkov28
detectors [16]. Muons are identified by a system composed of alternating layers of iron29
and multiwire proportional chambers [17]. The trigger [18] consists of a hardware stage,30
based on information from the calorimeter and muon systems, followed by a software stage,31
which applies a full event reconstruction.32
This analysis uses events collected by triggers that select the µ+µ− pair from the J/ψ me-33
son decay with high efficiency. At the hardware stage either one or two muon candidates34
are required. In the case of single muon triggers, the transverse momentum, pT, of35
the candidate is required to be greater than 1.5 GeV/c. For dimuon candidates, the36
product of the pT of muon candidates is required to satisfy
√
pT1pT2 > 1.3 GeV/c. At37
the subsequent software trigger stage, two muons with invariant mass in the interval38
1The inclusion of charge conjugate modes is implicit throughout this paper.
1
2.97 < mµ+µ− < 3.21 GeV/c
2, and consistent with originating from a common vertex, are39
required.40
Simulated pp collisions are generated using Pythia 6.4 [19] with the configura-41
tion described in Ref. [20]. Final-state QED radiative corrections are included using42
the Photos package [21]. The B+c mesons are produced by a dedicated generator,43
Bcvegpy [22]. The decays of all hadrons are performed by EvtGen [23], and a specific44
model is implemented to generate the decays of B+c → J/ψK+K−pi+, assuming factorisa-45
tion [12]. The model has different B+c → J/ψ form factors implemented, calculated using46
QCD sum rules [13] or using a relativistic quark model [14]. These model predictions are47
very similar and those based on the latter are used in the simulation. The coupling of48
K+K−pi+ to the virtual W+ is taken from τ decays [24], following Refs. [2, 25, 26], and49
modelled through the intermediate a+1 → K∗0K+(K∗0 → K−pi+) decay chain. The interac-50
tion of the generated particles with the detector and its response are implemented using51
the Geant4 toolkit [27] as described in Ref. [28].52
3 Candidate selection53
The signal B+c → J/ψK+K−pi+ and normalisation B+c → J/ψpi+ decays are reconstructed54
using the J/ψ → µ+µ− channel. Common selection criteria are used in both channels with55
additional requirements to identify kaon candidates in the signal channel.56
Muons are selected by requiring that the difference in logarithms of the muon hypothesis57
likelihood with respect to the pion hypothesis likelihood, ∆ lnLµ/pi [17,29], is greater than58
zero. To select kaons (pions) the corresponding difference in the logarithms of likelihoods59
of the kaon and pion hypotheses [16] is required to satisfy ∆ lnLK/pi > 2 (< 0).60
To ensure that they do not originate from a pp interaction vertex (PV), hadrons must61
have χ2IP > 4, where χ
2
IP is defined as the difference in χ
2 of a given PV reconstructed with62
and without the considered hadron. When more than one PV is reconstructed, that with63
the smallest value of χ2IP is chosen.64
Oppositely-charged muons that have a transverse momentum greater than 0.55 GeV/c65
and that originate from a common vertex are paired to form J/ψ candidates. The quality66
of the vertex is ensured by requiring that the χ2 of the vertex fit (χ2vtx) is less than 20. The67
vertex is required to be well-separated from the reconstructed PV by selecting candidates68
with decay length significance greater than 3. The invariant mass of the J/ψ candidate is69
required to be between 3.020 and 3.135 GeV/c2.70
The selected J/ψ candidates are then combined with a pi+ meson candidate or71
a K+K−pi+ combination to form B+c candidates. The quality of the common vertex72
is ensured by requiring χ2vtx < 35 (16) for the signal (normalisation) channel, and that73
the χ2 values for the distance of closest approach for the K+K−, K−pi+ and K+pi+ combi-74
nations are less than 9. To suppress the combinatorial background, the kaons (pions) are75
required to have pT > 0.8 (0.5) GeV/c. To improve the invariant mass resolution a kine-76
matic fit [30] is performed. The invariant mass of the J/ψ candidate is constrained to77
the known value of J/ψ mass [31], the decay products of the B+c candidate are required to78
2
originate from a common vertex, and the momentum vector of the B+c candidate is required79
to point to the PV. When more than one PV is reconstructed, that with the smallest80
value of χ2IP is chosen. The χ
2 per degree of freedom for this fit is required to be less81
than 5. This requirement also reduces the potential contamination from decay chains with82
intermediate long-lived particles, namely B+c → J/ψD+s , B+c → B0spi+ and B+c → B+K−pi+,83
followed by D+s → K+K−pi+, B0s → J/ψK+K− and B+ → J/ψK+, respectively. To reduce84
contributions from the known B+c → J/ψD+s [7] and B+c → B0spi+ decays [8] to a negligible85
level, the invariant masses of the K+K−pi+ and J/ψK+K− systems are required to differ86
from the known D+s and B
0
s masses [31,32] by more than 18 and 51 MeV/c
2, respectively,87
corresponding to ±3σ, where σ is the mass resolution of the intermediate state. The decay88
time of the B+c candidate (ct) is required to be between 150µm and 1 mm. The upper89
limit corresponds to approximately 7 lifetimes of the B+c meson.90
4 Signal and normalisation yields91
The invariant mass distribution of the selected B+c → J/ψK+K−pi+ candidates is shown in92
Fig. 1(a). To estimate the signal yield, NS, an extended unbinned maximum likelihood93
fit to the mass distribution is performed. The B+c signal is modelled by a Gaussian94
distribution and the background by an exponential function. The values of the signal95
parameters obtained from the fit are summarised in Table 1 and the result is shown96
in Fig. 1(a). The statistical significance of the observed signal yield is calculated as97 √
2∆ lnL, where ∆ lnL is the change in the logarithm of the likelihood function when98
the signal component is excluded from the fit, relative to the default fit, and is found to99
be 6.3 standard deviations.100
The invariant mass distribution of the selected B+c → J/ψpi+ candidates is shown101
in Fig. 1(b). To estimate the signal yield, an extended unbinned maximum likelihood fit102
to the mass distribution is performed, where the B+c signal is modelled by a Gaussian103
distribution and the background by an exponential function. The fit gives a yield of104
2099± 59 events.105
For B+c → J/ψK+K−pi+ candidates, the resonant structures in the K−pi+, K+K−,106
K+K−pi+, J/ψK+K−, J/ψK−pi+ and J/ψK+ systems are studied and the possible contri-107
butions from the decays B+c → B0K+ and B+c → B+K−pi+, followed by subsequent decays108
B0 → J/ψK−pi+ and B+ → J/ψK+ are investigated. The sPlot technique [33] is used to109
Table 1: Parameters of the signal function of the fit to the J/ψK+K−pi+ mass distribution.
Uncertainties are statistical only.
Parameter Value
mB+c [ MeV/c
2] 6274.8± 1.7
σB+c [ MeV/c
2] 8.8± 1.5
NS 78± 14
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Figure 1: Mass distribution for selected (a) B+c → J/ψK+K−pi+ and (b) B+c → J/ψpi+ candidates.
The result of the fit described in the text is superimposed (solid line) together with the background
component (dashed line).
subtract the estimated background contribution from the corresponding mass distributions.110
The results are shown in Fig. 2.111
The binned K−pi+ invariant mass distribution, presented in Fig. 2(a), is fitted with112
the sum of two components, one representing the K
∗0
resonance and a non-resonant113
component modelled with the LASS parametrisation [34]. The resonant component is114
described by a relativistic P-wave Breit-Wigner function. The form factor for the (1−)→115
(0−) (0−) decay is taken from lowest order perturbation theory [35], while the peak position116
and the natural width are fixed to their known values [31]. The resulting resonant yield is117
44± 10 decays, where the uncertainty is statistical only.118
Figures 2(b)–(f) show the invariant mass distributions for the K+K−, K+K−pi+,119
J/ψK+K−, J/ψK−pi+ and J/ψK+ final states. In contrast to Fig. 2(a), no narrow structures120
are visible. The predictions from the model of Ref. [12] are also presented in Fig. 2, and121
are found to give an acceptable description of the data.122
5 Efficiency and systematic uncertainties123
As the ratio of branching fractions is measured, many potential sources of systematic124
uncertainty cancel in the ratio of efficiencies for the normalisation and signal decays.125
The overall efficiency for both decays is the product of the geometrical acceptance of126
the detector, reconstruction, selection and trigger efficiencies. These are estimated using127
simulation and the ratio of the efficiencies is found to be128
ε(B+c → J/ψpi+)
ε(B+c → J/ψK+K−pi+)
= 14.3± 0.4,
where the uncertaintty is statistical only. Systematic uncertainties that do not cancel in129
this ratio are discussed below and summarised in Table 2.130
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Figure 2: Background-subtracted invariant mass distributions for (a) K−pi+, (b) K+K−,
(c) K+K−pi+, (d) J/ψK+K−, (e) J/ψK−pi+ and (f) J/ψK+ in B+c → J/ψK+K−pi+ decay. The
(red) full line in the K−pi+ mass distribution (a) is composed of a resonant K∗0 contribution and
a non-resonant component indicated by the dashed line. The (blue) full line in (b)–(f) shows the
predictions of the model [12] used in the simulation. The regions ±18 MeV/c2 around the D+s mass
and ±51 MeV/c2 around the B0s mass are excluded from the analysis and are indicated by the
shaded areas on (c) and (d), respectively.
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The main uncertainty arises from the imperfect knowledge of the shape of the signal131
and background components used to model the B+c mass distributions. It is estimated132
using an alternative model to describe the B+c → J/ψK+K−pi+ and B+c → J/ψpi+ mass133
distributions consisting of a Crystal Ball function [36] for the signal and a linear function134
for the background. The changes in the yields relative to the default fits are used to135
determine a 5.0 % uncertainty on the number of signal candidates in both channels, and is136
dominated by the large background level in signal decay.137
Other systematic uncertainties arise from differences between data and simulation in138
the track reconstruction efficiency for charged particles. The largest of these arises from the139
knowledge of the hadronic interaction probability in the detector, which has an uncertainty140
of 2.0 % per track [37]. Further uncertainties related to the recontruction of charged kaons141
contribute 0.6 % per kaon [7,38]. The differences in the kinematic properties of the charged142
pion in the signal and normalisation channels are also considered as a source of systematic143
uncertainty. The total uncertainty assigned to track reconstruction and selection is 4.2 %.144
The systematic uncertainty associated with kaon identification is studied using a kine-145
matically similar sample of reconstructed B+ → J/ψ (K+K−)φ K+ decays [7]. An uncer-146
tainty of 3.0 % is assigned.147
A source of systematic uncertainty arises from the potential disagreement between data148
and simulation in the efficiencies of the selection criteria. To study this effect, the criteria149
are varied to values that correspond to a 20 % change in the signal yields. The variation150
of the relative difference between data and simulation on the number of selected signal151
candidates reaches 1.6 %, which is assigned as a systematic uncertainty from this source,152
and includes effects related to pion identification criteria.153
The dependence of the B+c → J/ψK+K−pi+ decay reconstruction and selection efficiency154
on the decay model implemented in the simulation is estimated from a comparison of155
the K+K−pi+ invariant mass distributions in data and simulation, which has the greatest156
dependence on the decay model. This combined efficiency is recomputed after reweighting157
the K+K−pi+ mass distribution to that observed in data. The relative difference of 2.5 %158
observed is taken as the systematic uncertainty due to the decay model.159
Other systematic uncertainties are related to the widths of the K+K−pi+ and160
J/ψK+K− mass regions vetoed in the analysis to reject contributions from B+c → J/ψD+s and161
B+c → B0spi+ decays. These are estimated by varying the widths of the vetoed regions162
and recomputing the B+c → J/ψK+K−pi+ signal yields, taking into account the changes in163
efficiency. A systematic uncertainty of 1.0 % is assigned.164
The efficiency of the requirement on the B+c decay time depends on the value of165
the B+c lifetime used in the simulation. The decay time distributions for simulated events166
are reweighted after changing the B+c lifetime by one standard deviation around the167
known value [31], as well as using the lifetime value recently measured by the CDF168
collaboration [39], and the efficiencies are recomputed. The observed 2.5 % variation in169
the ratio of efficiencies is used as the systematic uncertainty.170
The agreement of the absolute trigger efficiency between data and simulation has been171
validated to a precision of 4 % using the technique described in Refs. [18,37,40] with a large172
sample of B+ → J/ψ (K+K−)φ K+ events [7]. A further cancellation of uncertainties in173
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Table 2: Relative systematic uncertainties for the ratio of branching fractions of
B+c → J/ψK+K−pi+ and B+c → J/ψpi+. The total uncertainty is the quadratic sum of the
individual components.
Source Uncertainty [%]
Fit model 5.0
Track reconstruction and selection 4.2
Kaon identification 3.0
Data and simulation disagreement 1.6
Decay model dependence 2.5
Vetoed mass intervals 1.0
B+c lifetime 2.5
Trigger 1.1
Stability of data taking conditions 2.5
Geometrical acceptance 0.4
Total 8.7
the ratio of branching fractions has been tested with the high statistics decay modes174
B+ → J/ψK+ and B+ → ψ(2S)K+ [41], resulting in a systematic uncertainty of 1.1 %.175
Potential uncertainties related to the stability of the data taking conditions are tested176
by studying the ratio of the yields of B+ → J/ψK+pi+pi− and B+ → J/ψK+ decays for177
different data taking periods. According to this study an additional systematic uncertainty178
of 2.5 % is assigned [7]. The final source of systematic uncertainty considered originates179
from the dependence of the geometrical acceptance on both the beam crossing angle and180
the position of the luminous region. The observed difference in the efficiency ratios is181
taken as an estimate of the systematic uncertainty and is 0.4 %. The correlation between182
this uncertainty and the previous one is neglected.183
6 Results and summary184
The decay B+c → J/ψK+K−pi+ is observed for the first time, and a signal yield of 78± 14185
is reported. This analysis uses a data sample corresponding to an integrated luminosity186
of 1 fb−1 at a centre-of-mass energy of 7 TeV and 2 fb−1 at 8 TeV. The significance, taking187
into account the systematic uncertainties due to the fit function, peak position and mass188
resolution in the default fit, is estimated to be 6.2 standard deviations.189
Using the B+c → J/ψpi+ mode as a normalisation channel, the ratio of branching190
fractions is calculated as191
B (B+c → J/ψK+K−pi+)
B (B+c → J/ψpi+)
=
N (B+c → J/ψK+K−pi+)
N (B+c → J/ψpi+)
× ε(B
+
c → J/ψpi+)
ε(B+c → J/ψK+K−pi+)
,
where N is the number of reconstructed decays obtained from the fit described in Sect. 4.192
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The ratio of branching fractions is measured to be193
B (B+c → J/ψK+K−pi+)
B (B+c → J/ψpi+)
= 0.53± 0.10± 0.05,
where the first uncertainty is statistical and the second systematic. The largest contri-194
bution to the B+c → J/ψK+K−pi+ decay is found to be from B+c → J/ψK∗0K+ decays.195
The theoretical predictions for the branching fraction ratio of 0.49 and 0.47 [12], using196
form factors from Refs. [13] and [14], respectively, are found to be in good agreement with197
this measurement.198
Acknowledgements199
We thank A.K. Likhoded and A.V. Luchinsky for fruitful discussions about the dynamics of200
B+c decays. We express our gratitude to our colleagues in the CERN accelerator departments201
for the excellent performance of the LHC. We thank the technical and administrative202
staff at the LHCb institutes. We acknowledge support from CERN and from the national203
agencies: CAPES, CNPq, FAPERJ and FINEP (Brazil); NSFC (China); CNRS/IN2P3204
and Region Auvergne (France); BMBF, DFG, HGF and MPG (Germany); SFI (Ireland);205
INFN (Italy); FOM and NWO (The Netherlands); SCSR (Poland); MEN/IFA (Romania);206
MinES, Rosatom, RFBR and NRC “Kurchatov Institute” (Russia); MinECo, XuntaGal207
and GENCAT (Spain); SNSF and SER (Switzerland); NAS Ukraine (Ukraine); STFC208
(United Kingdom); NSF (USA). We also acknowledge the support received from the ERC209
under FP7. The Tier1 computing centres are supported by IN2P3 (France), KIT and210
BMBF (Germany), INFN (Italy), NWO and SURF (The Netherlands), PIC (Spain),211
GridPP (United Kingdom). We are thankful for the computing resources put at our212
disposal by Yandex LLC (Russia), as well as to the communities behind the multiple open213
source software packages that we depend on.214
References215
[1] C.-H. Chang and Y.-Q. Chen, The decays of Bc meson, Phys. Rev. D49 (1994)216
3399; S. S. Gershtein, V. V. Kiselev, A. K. Likhoded, and A. V. Tkabladze, Physics217
of Bc mesons, Phys. Usp. 38 (1995) 1, arXiv:hep-ph/9504319; S. S. Gershtein218
et al., Theoretical status of the Bc meson, arXiv:hep-ph/9803433; P. Colangelo and219
F. De Fazio, Using heavy quark spin symmetry in semileptonic Bc decays, Phys. Rev.220
D61 (2000) 034012, arXiv:hep-ph/9909423; V. V. Kiselev, Decays of the Bc meson,221
arXiv:hep-ph/0308214.222
[2] A. K. Likhoded and A. V. Luchinsky, Light hadron production in Bc → J/ψ +223
X decays, Phys. Rev. D81 (2010) 014015, arXiv:0910.3089; A. K. Likhoded and224
A. V. Luchinsky, Light hadron production in Bc → B(∗)s + X decays, Phys. Rev. D82225
(2010) 014012, arXiv:1004.0087.226
8
[3] CDF collaboration, F. Abe et al., Observation of the Bc meson in pp¯ collisions at227 √
s = 1.8 TeV , Phys. Rev. Lett. 81 (1998) 2432, arXiv:hep-ex/9805034; CDF228
collaboration, F. Abe et al., Observation of Bc mesons in pp¯ collisions at
√
s =229
1.8 TeV , Phys. Rev. D58 (1998) 112004, arXiv:hep-ex/9804014.230
[4] CDF collaboration, T. Aaltonen et al., Observation of the decay B±c → J/ψpi± and231
measurement of the B±c mass, Phys. Rev. Lett. 100 (2008) 182002, arXiv:0712.1506;232
D0 collaboration, V. M. Abazov et al., Observation of the Bc meson in the exclusive233
decay Bc → J/ψpi, Phys. Rev. Lett. 101 (2008) 012001, arXiv:0802.4258.234
[5] LHCb collaboration, R. Aaij et al., First observation of the decay B+c → J/ψpi+pi−pi+,235
Phys. Rev. Lett. 108 (2012) 251802, arXiv:1204.0079.236
[6] LHCb collaboration, R. Aaij et al., Observation of the decay B+c → ψ(2S)pi+, Phys.237
Rev. D87 (2013) 071103(R), arXiv:1303.1737.238
[7] LHCb collaboration, R. Aaij et al., Observation of B+c → J/ψD+s and B+c → J/ψD∗+s de-239
cays, Phys. Rev. D87 (2013) 112012, arXiv:1304.4530.240
[8] LHCb collaboration, R. Aaij et al., Observation of the decay B+c → B0spi+,241
arXiv:1308.4544, submitted to Phys. Rev. Lett.242
[9] LHCb collaboration, R. Aaij et al., First observation of the decay B+c → J/ψK+,243
arXiv:1306.6723, to appear in JHEP.244
[10] M. Bauer, B. Stech, and M. Wirbel, Exclusive non-leptonic decays of D, D+s , and245
B mesons, Z. Phys. C34 (1987) 103; M. Wirbel, Description of weak decays of B and246
D mesons, Prog. Part. Nucl. Phys. 21 (1988) 33.247
[11] Belle collaboration, A. Drutskoy et al., Observation of B→ D(∗)K−K0(∗) decays, Phys.248
Lett. B542 (2002) 171, arXiv:hep-ex/0207041.249
[12] A. V. Luchinsky, Production of K mesons in exclusive Bc decays, arXiv:1307.0953.250
[13] V. V. Kiselev, A. E. Kovalsky, and A. K. Likhoded, Bc decays and lifetime in QCD251
sum rules, Nucl. Phys. B585 (2000) 353, arXiv:hep-ph/0002127.252
[14] D. Ebert, R. N. Faustov, and V. O. Galkin, Weak decays of the Bc meson to charmo-253
nium and D mesons in the relativistic quark model, Phys. Rev. D68 (2003) 094020,254
arXiv:hep-ph/0306306.255
[15] LHCb collaboration, A. A. Alves Jr. et al., The LHCb detector at the LHC, JINST 3256
(2008) S08005.257
[16] M. Adinolfi et al., Performance of the LHCb RICH detector at the LHC, Eur. Phys.258
J. C73 (2013) 2431, arXiv:1211.6759.259
9
[17] A. A. Alves Jr et al., Performance of the LHCb muon system, JINST 8 (2013) P02022,260
arXiv:1211.1346.261
[18] R. Aaij et al., The LHCb trigger and its performance in 2011, JINST 8 (2013) P04022,262
arXiv:1211.3055.263
[19] T. Sjo¨strand, S. Mrenna, and P. Skands, Pythia 6.4 physics and manual, JHEP 05264
(2006) 026, arXiv:hep-ph/0603175.265
[20] I. Belyaev et al., Handling of the generation of primary events in Gauss, the LHCb266
simulation framework, Nuclear Science Symposium Conference Record (NSS/MIC)267
IEEE (2010) 1155.268
[21] P. Golonka and Z. Was, Photos Monte Carlo: a precision tool for QED corrections269
in Z and W decays, Eur. Phys. J. C45 (2006) 97, arXiv:hep-ph/0506026.270
[22] C.-H. Chang, C. Driouichi, P. Eerola, and X.-G. Wu, Bcvegpy: an event generator271
for hadronic production of the Bc meson, Comput. Phys. Commun. 159 (2004) 192,272
arXiv:hep-ph/0309120.273
[23] D. J. Lange, The EvtGen particle decay simulation package, Nucl. Instrum. Meth.274
A462 (2001) 152.275
[24] Belle collaboration, M. J. Lee et al., Measurement of the branching fractions and276
the invariant mass distributions for τ− → h−h+h−ντ decays, Phys. Rev. D81 (2010)277
113007, arXiv:1001.0083.278
[25] J. H. Kuhn and A. Santamaria, Tau decays to pions, Z. Phys. C48 (1990) 445.279
[26] A. V. Berezhnoy, A. K. Likhoded, and A. V. Luchinsky, Bc → J/ψ(B0s ,B∗s )+npi decays,280
PoS QFTHEP2011 (2011) 076, arXiv:1111.5952; A. V. Berezhnoy, A. K. Likhoded,281
and A. V. Luchinsky, BC NPI module for the analysis of Bc → J/ψ + npi and282
Bc → B0s+npi decays within the EvtGen package, arXiv:1104.0808; A. V. Luchinsky,283
Production of charged pi-mesons in exclusive Bc → V(P) + npi decays, Phys. Rev. D86284
(2012) 074024, arXiv:1208.1398; A. K. Likhoded and A. V. Luchinsky, Production285
of a pion system in exclusive Bc → V(P) + npi decays, Phys. Atom. Nucl. 76 (2013)286
787.287
[27] Geant4 collaboration, J. Allison et al., Geant4 developments and applications, IEEE288
Trans. Nucl. Sci. 53 (2006) 270; Geant4 collaboration, S. Agostinelli et al., Geant4:289
a simulation toolkit, Nucl. Instrum. Meth. A506 (2003) 250.290
[28] M. Clemencic et al., The LHCb simulation application, Gauss: design, evolution and291
experience, J. Phys. Conf. Ser. 331 (2011) 032023.292
[29] F. Archilli et al., Performance of the muon identification at LHCb, arXiv:1306.0249,293
submitted to JINST.294
10
[30] W. D. Hulsbergen, Decay chain fitting with a Kalman filter, Nucl. Instrum. Meth.295
A552 (2005) 566, arXiv:physics/0503191.296
[31] Particle Data Group, J. Beringer et al., Review of particle physics, Phys. Rev. D86297
(2012) 010001, and 2013 partial update for the 2014 edition.298
[32] LHCb collaboration, R. Aaij et al., Precision measurements of D meson mass differ-299
ences, JHEP 06 (2013) 65, arXiv:1304.6865.300
[33] M. Pivk and F. R. Le Diberder, sPlot: a statistical tool to unfold data distributions,301
Nucl. Instrum. Meth. A555 (2005) 356, arXiv:physics/0402083.302
[34] D. Aston et al., A study of K−pi+ scattering in the reaction K−p → K−pi+n at303
11 GeV/c, Nucl. Phys. B296 (1988) 493.304
[35] J. D. Jackson, Remarks on the phenomenological analysis of resonances, Nuovo Cim.305
34 (1964) 1644.306
[36] T. Skwarnicki, A study of the radiative cascade transitions between the Υ′ and Υ res-307
onances, PhD thesis, Institute of Nuclear Physics, Krakow, 1986, DESY-F31-86-02.308
[37] LHCb collaboration, R. Aaij et al., Prompt K0S production in pp collisions at309 √
s = 0.9 TeV , Phys. Lett. B693 (2010) 69, arXiv:1008.3105.310
[38] A. Jaeger et al., Measurement of the track finding efficiency, LHCb-PUB-2011-025;311
LHCb collaboration, R. Aaij et al., Measurement of track reconstruction efficiency at312
LHCb, LHCb-DP-2013-002, in preparation.313
[39] CDF collaboration, F. Aaltonen et al., Measurement of the B−c meson lifetime in the314
decay B−c → J/ψpi−, Phys. Rev. D87 (2013) 011101, arXiv:1210.2366.315
[40] LHCb collaboration, R. Aaij et al., Observation of J/ψ -pair production in pp collisions316
at
√
s = 7 TeV , Phys. Lett. B707 (2012) 52, arXiv:1109.0963.317
[41] LHCb collaboration, R. Aaij et al., Measurement of relative branching fractions of318
B decays to ψ(2S) and J/ψ mesons, Eur. Phys. J. C72 (2012) 2118, arXiv:1205.0918.319
11
